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Abstract 


There are five major classes of Immunoglobulins (Igs) or antibodies (Abs) in the human body: IgA, 
IgM, IgD, IgG and IgE. IgM and IgG play crucial roles in the immune response to infections. This 
paper aims to review briefly the production, functions, clinical significance and limitations of IgM 
and IgG antibodies testing in infectious diseases. Some available scientific research on IgM and IgG 
was reviewed using specialized databases such as PubMed and Google Scholar. IgM is typically the 
first antibody produced in response to an infection, while IgG provides long-term immunity and pro- 
tection against reinfection. IgM and IgG antibody testing is a critical component of diagnosing and 
managing infectious diseases. These tests provide valuable insights into the immune response, allow- 
ing clinicians to identify recent infections, assess immunity, and make informed public health deci- 
sions. IgM and IgG antibody testing lies in the integration of innovative technologies and targeted 
research efforts. By addressing current limitations and exploring new testing methodologies, the field 
can enhance diagnostic accuracy, improve patient outcomes, and contribute to more effective public 


health strategies in the management of infectious diseases. 
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Introduction 


The field of immunology began with the work of scientists like Louis Pasteur and Emil von 
Behring late 19th Century, who explored the role of antibodies in protection against infec- 
tions. In 1890, von Behring developed the first serum therapy, demonstrating that antibodies 
in serum could confer immunity. In 1930s-1950s, the classification of immunoglobulins (Ig) 
into different classes (IgG, IgM, IgA, IgE, and IgD) was established during this period [1]. 
In the 1930s, the first clear distinction between IgG and IgM was made, leading to the un- 
derstanding that they play different roles in immune responses [2]. In 1940s-1960s, the use 
of serological tests to detect antibodies in patients became more prevalent. Techniques like 
agglutination tests, complement fixation tests, and later enzyme-linked immunosorbent as- 
says (ELISA) were developed reviewed in [3]. 

IgM was identified as an early response antibody, typically present during acute infection, 
while IgG indicated a more prolonged or past infection [4]. However, serological assays 
remained essential for understanding population immunity and epidemiology. In 2000s to 
present, the investigation of IgM and IgG antibodies has been pivotal in the study of emerg- 
ing infectious diseases, including SARS, MERS, and most recently, COVID-19 [5]. The 
rapid development of antibody tests for COVID-19 highlighted the importance of IgM and 
IgG assays in diagnosing infections, understanding immunity, and guiding public health re- 
sponses [5]. 


Definition of immunoglobulins (human antibodies) 

Immunoglobulins (Ig), or antibodies, are essential components of the adaptive immune sys- 
tem, responsible for identifying and neutralizing pathogens such as bacteria, viruses, and 
toxins. Ig are glycoproteins produced by B cells in response to antigens (Ags) [6,7]. IgM 
and IgG are the most abundant Abs classes in the human immune system, each with distinct 
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roles in immune defense. Understanding the dynamics of IgM and IgG responses during 
infection can provide insights into disease progression, diagnosis, and immunity [6]. 


Structure and function of IgM and IgG 

Among the five major classes of immunoglobulins, IgM and IgG play pivotal roles in the 
immune response, each with distinct structural characteristics and functional capabilities [7]. 
IgM is the first antibody produced in response to an infection, primarily serving as a key 
player in the early stages of the immune response. It is characterized by its pentameric struc- 
ture, which allows for the simultaneous binding of multiple antigens. This structural config- 
uration enhances its ability to agglutinate pathogens and activate the complement system, 
facilitating the destruction of invaders [4,8]. In contrast to IgM, IgG is the most abundant 
antibody in the bloodstream and plays a crucial role in the secondary immune response. It 
is produced after IgM and reflects a more mature and specific immune reaction [9]. The 
monomeric structure of IgG allows it to effectively neutralize toxins and viruses, opsonize 
pathogens for phagocytosis, and activate the complement system. Importantly, IgG is the 
only antibody class capable of crossing the placenta, providing passive immunity to the de- 
veloping fetus [9], as shown in table 1. 


Table 1. The structure and function of IgM and IgG 


Feature IgM IgG 
Structure Pentameric (five Y-shaped units) Monomeric (single Y-shaped unit) 
No subclass Subclasses (IgG1, IgG2, IgG3, IgG4) 
Molecular Largest antibody in size (~900kDa) Smaller than IgM (~150kDa) 
weight 
Forms Present as a monomer on B cell surface | Present only as a monomer in serum 
and a pentameric in serum 
Half-life 5-7 days 21-28 days 
Function First antibody produced in response to provides long-lasting immunity after 
an infection infection or vaccination 
activates the complement system Neutralization 
effective agglutination of pathogens Opsonization 
induces B cell activation activates the complement system 
cross the placenta, providing passive 
immunity to the fetus 
Location In blood and lymph In blood, extracellular fluid, and tissues 
Role in Rarely used for monitoring vaccine Key indicator of vaccine efficacy and 
vaccination | response response 


Taken together, IgM and IgG provide a comprehensive immune defense strategy, with IgM 
initiating responses to newly encountered antigens and IgG sustaining long-term immunity. 
Understanding the structure and function of these antibodies is vital for insights into immune 
responses, vaccine development, and therapeutic interventions against infectious diseases. 


IgM and IgG response in infectious diseases 

The kinetics of IgM and IgG production and their respective roles in various infectious dis- 
eases underscore their importance in both clinical diagnosis and therapeutic interventions 
[7]. Elevated levels of IgM can indicate acute infections such as those caused by viruses or 
certain bacteria, while IgG levels reflect past infections or successful vaccination responses 
[8,10,11]. The interplay between these immunoglobulins is crucial in shaping the host’s im- 
mune landscape, influencing susceptibility, disease progression, and recovery [12,13]. Table 
2 represents some examples of IgM and IgG responses in various infectious diseases. 
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Table 2. Examples of IgM and IgG responses to some infectious diseases 


Infectious diseases IgM response IgG response 
Viral infections COVID-19 Detectable within days of | Appears later and correlate 
[14] symptom onset, with protective immunity 
indicating recent against reinfection 
infection 


Hepatitis Virus IgM antibodies against IgG antibodies signify past 
[15] hepatitis A virus (anti- infection or vaccination 


HAV IgM) indicate acute 


infection 
Bacterial infections | Streptococcal Elevated IgM may In Syphilis the presence of 
Infections indicate recent IgG indicates a chronic 
[16,17] streptococcal infection infection or past exposure 


(e.g., rheumatic fever) 


Mycoplasma IgM indicates acute Borrelia burgdorferi: IgG 
pneumonia infection indicates past Lyme 
[18] disease infection 

Parasitic infections | Malaria IgM levels rise early in IgG levels can provide 
[19] infection evidence of past infections 


and immunity 
development, especially in 


endemic areas 


Protozoan Chagas Disease | IgM indicates acute IgG suggests chronic 


infections [20] infection infection or past exposure 


Overall, understanding the distinct yet interconnected roles of IgM and IgG in infectious 
diseases enhances our knowledge of immune mechanisms and aids in the development of 
vaccines and diagnostic tools, ultimately contributing to improved public health outcomes. 


Clinical significance of IgM and IgG testing 

IgM and IgG tests are commonly used in clinical diagnostics to assess immune response and 
diagnose various infections and diseases [21,22]. Table 3 shows a summary of clinical sig- 
nificance of IgM and IgG testing. 


Table 3. Shows a summary of clinical significance of IgM and IgG testing 


IgM Testing IgG Testing 


Early Detection of Infection Determination of Past Infection 


IgM is the first antibody produced in response | IgG antibodies are produced later than IgM and 


to an infection. Elevated IgM levels can persist long-term, making them useful for 
indicate a recent or acute infection [6]. detecting past infections or immune status [11]. 
Assessment of Inflammatory Conditions Vaccination Monitoring 

Elevated IgM levels can also be associated IgG levels can be used to assess the 

with autoimmune disorders and chronic effectiveness of vaccinations and determine 


inflammatory conditions [23]. immunity status [24]. 
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Diagnostic Utility in Specific Infections Chronic Infection Assessment 

IgM testing is crucial for diagnosing Persistent IgG levels can help in diagnosing 
infections like Lyme disease, dengue fever, chronic infections such as hepatitis B, hepatitis 
and toxoplasmosis [25]. C, and HIV [26]. 


Combined use of IgM and IgG testing 

Testing both IgM and IgG can help differentiate between acute and chronic stages of infec- 
tions [27]. For instance, the presence of IgM with absence of IgG often indicates a recent 
infection [22], whereas the presence of both suggests an ongoing or past infection. The pat- 
terns of IgM and IgG production provide insights into the immune response and disease 
progression [7,8]. 


Monitoring disease progression 

Monitoring disease progression through IgM and IgG levels provides critical insights into 
the status of infections and the effectiveness of immune responses. The decline of IgM an- 
tibodies over time typically indicates the resolution of an acute infection [28]. This decline 
can be monitored to assess whether a patient is recovering from an infectious disease [8]. 
Tracking IgM levels can help clinicians make informed decisions about treatment duration 
and further diagnostic testing, particularly in acute infections such as viral or bacterial dis- 
eases [4]. On the other hand, an increase in IgG levels over time is often indicative of a 
successful immune response to an infection or vaccination [24,29]. The presence of IgG 
suggests that the immune system has recognized the pathogen and is producing antibodies 
to combat it [9,26,30]. 


Importance of assessing IgG levels 

Assessing IgG levels post-vaccination helps evaluate the immune response and effective- 
ness of vaccines (e.g., measles, mumps, rubella) [7,31]. Furthermore, monitoring IgG levels 
can help in assessing the efficacy of vaccines, especially in populations with varying im- 
mune responses (e.g., elderly, imnmunocompromised individuals) and monitoring of IgG 
levels can be particularly important for healthcare workers [32]. In addition to the im- 
portance of IgG levels, low IgG levels post-vaccination may indicate the need for booster 
doses to ensure sufficient protection against diseases. Also, it can guide public health deci- 
sions (population-wide IgG level assessments can inform public health policies regarding 
vaccine distribution and booster programs) [33]. Overall, assessing IgG levels post-vaccina- 
tion is essential for understanding the efficacy and longevity of the immune response to 
vaccines. This evaluation aids in public health strategies and individual patient care, ensur- 
ing that populations remain protected against infectious diseases. 


Limitations of IgM and IgG antibodies testing 

IgM and IgG antibody testing is commonly used to diagnose infectious diseases, assess im- 
mune responses, and determine exposure to certain pathogens. However, there are some 
limitations of these tests as discussed accordingly. First, timing of detection, IgM antibodies 
typically develop within a few days to weeks after infection, while IgG antibodies take 
longer (generally several weeks). If a sample is taken too early in the infection, IgM may 
not be detectable, leading to false negatives [34]. Second limitation, cross-reactivity, studies 
demonstrated that many IgM and IgG tests can cross-react with antibodies from other infec- 
tions, resulting in false-positive results. This issue is especially prominent with diseases that 
share antigenic similarities [35,36]. Next, IgG persistence, IgG antibodies can persist for 
months or years after infection, making it difficult to distinguish between current and past 
infections. This is particularly problematic in populations with high prevalence rates of spe- 
cific infections [37]. Limited information on infectivity is one of IgM and IgG limitations, 
while IgM and IgG tests indicate exposure or immune status, they do not provide infor- 
mation about the current infectious state of an individual. This is crucial for managing out- 
breaks and preventing transmission [34,38]. Moreover, the interpretation of IgM and IgG 
results can be complex and often requires correlation with clinical symptoms and other di- 
agnostic tests. Relying solely on antibody tests without considering the clinical context can 
lead to incorrect conclusions [38]. IgM and IgG testing lack to the sensitivity and specificity 
which can vary widely based on the assay used, the target population, and the prevalence of 
the disease. This variability can affect the reliability of test results [39,40]. In addition to the 
above-mentioned limitations some IgM and IgG tests can be expensive, and the required 
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laboratory infrastructure may not be available in all settings, limiting access to testing, es- 
pecially in low-resource environments. While IgM and IgG antibody tests are valuable tools 
in diagnosing and understanding infections, their limitations mean they are often used in 
conjunction with other diagnostic methods to provide a more accurate picture of an individ- 
ual's health status. Overall, understanding the above limitations is crucial for clinicians to 
make informed decisions regarding patient care and public health measures. The future of 
IgM and IgG antibody testing lies in the integration of innovative technologies and targeted 
research efforts. By addressing current limitations and exploring new testing methodologies, 
the field can enhance diagnostic accuracy, improve patient outcomes, and contribute to more 
effective public health strategies in the management of infectious diseases. 


Conclusion 

IgM and IgG antibody testing is a critical component of diagnosing and managing infectious 
diseases. These tests provide valuable insights into the immune response, allowing clinicians 
to identify recent infections, assess immunity, and make informed public health decisions. 
Understanding both the strengths and limitations of IgM and IgG antibody testing is crucial 
for healthcare providers, researchers, and public health officials. While these tests are inval- 
uable tools in infectious disease management, their interpretation requires a nuanced ap- 
proach that considers individual patient circumstances and broader epidemiological trends. 
As the field continues to evolve, integrating new technologies and addressing existing 
knowledge gaps will be essential in enhancing the effectiveness of serological testing and 
ultimately improving patient care and public health outcomes. 


References 

1. Black CA. A brief history of the discovery of the immunoglobulins and the origin of the 
modern immunoglobulin nomenclature. Immunol Cell Biol. 1997 Feb;75(1):65-8. 

2. Paque RE. The history of immunology. Immunol Today. 1990 Sep;11(9):303. 

3. Srivastava S, Singh P, Vatsalya V, Karch R. Developments in the Diagnostic Techniques of 
Infectious Diseases: Rural and Urban Prospective. Adv Infect Dis. 2018 Sep;8(3):121-38. 

4. Keyt BA, Baliga R, Sinclair AM, Carroll SF, Peterson MS. Structure, Function, and Thera- 
peutic Use of IgM Antibodies. Antibodies Basel Switz. 2020 Oct 13;9(4):53. 

5. Zhou W, Xu X, Chang Z, Wang H, Zhong X, Tong X, Liu T, Li Y. The dynamic changes 
of serum IgM and IgG against SARS-CoV-2 in patients with COVID-19. J Med Virol. 2021 
Feb;93(2):924—33. 

6. Megha KB, Mohanan PV. Role of immunoglobulin and antibodies in disease management. 
Int J Biol Macromol. 2021 Feb 1;169:28-38. 

7. Sun Y, Huang T, Hammarström L, Zhao Y. The Immunoglobulins: New Insights, Implica- 
tions, and Applications. Annu Rev Anim Biosci. 2020 Feb 15;8:145-69. 

8. Ehrenstein MR, Notley CA. The importance of natural IgM: scavenger, protector and regu- 
lator. Nat Rev Immunol. 2010 Nov;10(11):778—86. 

9. Damelang T, Brinkhaus M, van Osch TLJ, Schuurman J, Labrijn AF, Rispens T, Vidarsson 
G. Impact of structural modifications of IgG antibodies on effector functions. Front Immu- 
nol. 2023;14:1304365. 

10. Liu X, Wang J, Xu X, Liao G, Chen Y, Hu CH. Patterns of IgG and IgM antibody response 
in COVID-19 patients. Emerg Microbes Infect. 2020 Dec;9(1):1269-74. 

11. Varghese GM, Rajagopal VM, Trowbridge P, Purushothaman D, Martin SJ. Kinetics of IgM 
and IgG antibodies after scrub typhus infection and the clinical implications. Int J Infect Dis 
IJID Off Publ Int Soc Infect Dis. 2018 Jun;71:53—5. 

12. Eriksen C, Moll JM, Myers PN, Pinto ARA, Danneskiold-Samsge NB, Dehli RI, Rosholm 
LB, Dalgaard MD, Penders J, Jonkers DM, Pan-Hammarstrém Q, Hammarström L, Kristi- 
ansen K, Brix S. IgG and IgM cooperate in coating of intestinal bacteria in IgA deficiency. 
Nat Commun. 2023 Dec 8;14(1):8124. 

13. Hou H, Wang T, Zhang B, Luo Y, Mao L, Wang F, Wu S, Sun Z. Detection of IgM and IgG 
antibodies in patients with coronavirus disease 2019. Clin Transl Immunol. 2020 
May;9(5):e01136. 

14. Qin X, Shen J, Dai E, Li H, Tang G, Zhang L, Hou X, Lu M, Wu X, Duan S, Zhang J, Tsoi 
MF, Jiang P, Li Y. The seroprevalence and kinetics of IgM and IgG in the progression of 
COVID-19. BMC Immunol. 2021 Feb 17;22(1):14. 

15. Chakvetadze C, Mallet V, Gaussec L, Hannoun L, Pol S. Acute hepatitis A virus infection 
without IgM antibodies to hepatitis A virus. Ann Intern Med. 2011 Apr 5;154(7):507-8. 

16. Chung AW, Ho TK, Hanson-Manful P, Tritscheller S, Raynes JM, Whitcombe AL, Tay 
ML, McGregor R, Lorenz N, Oliver JR, Gurney JK, Print CG, Wilson NJ, Martin WJ, Wil- 
liamson DA, Baker MG, Moreland NJ. Systems immunology reveals a linked IgG3-C4 re- 
sponse in patients with acute rheumatic fever. Immunol Cell Biol. 2020 Jan;98(1):12—21. 


Libyan Medical Journal 2024:16(2);84-89 


89 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


Podwińska J. Circulating immune complexes in experimental syphilis and their relation to 
immunological response against Treponema pallidum. FEMS Microbiol Immunol. 1991 
Apr;3(2):83-91. 

Marchesi M, Zbinden A. [Lyme Disease - Laboratory Diagnostics]. Ther Umsch Rev Ther. 
2022 Nov;79(9):448-53. 

Gonzales SJ, Reyes RA, Braddom AE, Batugedara G, Bol S, Bunnik EM. Naturally Ac- 
quired Humoral Immunity Against Plasmodium falciparum Malaria. Front Immunol. 
2020;11:594653. 

Umezawa ES, Shikanai-Yasuda MA, Stolf AM. Changes in isotype composition and antigen 
recognition of anti-Trypanosoma cruzi antibodies from acute to chronic Chagas disease. J 
Clin Lab Anal. 1996;10(6):407-13. 

Jia X, Zhang P, Tian Y, Wang J, Zeng H, Wang J, Liu J, Chen Z, Zhang L, He H, He K, Liu 
Y. Clinical Significance of an IgM and IgG Test for Diagnosis of Highly Suspected COVID- 
19. Front Med. 2021;8:569266. 

Landry ML. Immunoglobulin M for Acute Infection: True or False? Clin Vaccine Immunol 
CVI. 2016 Jul;23(7):540-5. 

Duarte-Rey C, Bogdanos DP, Leung PSC, Anaya JM, Gershwin ME. IgM predominance in 
autoimmune disease: genetics and gender. Autoimmun Rev. 2012 May;11(6—7):A404-412. 
Soeorg H, Jõgi P, Naaber P, Ottas A, Toompere K, Lutsar I. Seroprevalence and levels of 
IgG antibodies after COVID-19 infection or vaccination. Infect Dis Lond Engl. 2022 
Jan;54(1):63-—71. 

Stiasny K, Malafa S, Aberle SW, Medits I, Tsouchnikas G, Aberle JH, Holzmann H, Heinz 
FX. Different Cross-Reactivities of IgM Responses in Dengue, Zika and Tick-Borne En- 
cephalitis Virus Infections. Viruses. 2021 Mar 31;13(4):596. 

Damelang T, Rogerson SJ, Kent SJ, Chung AW. Role of IgG3 in Infectious Diseases. Trends 
Immunol. 2019 Mar;40(3):197—211. 

Hayden MK, El Mikati IK, Hanson KE, Englund JA, Humphries RM, Lee F, Loeb M, Mor- 
gan DJ, Patel R, Al Ta’ani O, Nazzal J, Iqneibi S, Amarin JZ, Sultan S, Falck-Ytter Y, 
Morgan RL, Murad MH, Bhimraj A, Mustafa RA. Infectious Diseases Society of America 
Guidelines on the Diagnosis of COVID-19: Serologic Testing. Clin Infect Dis. 2024 Mar 
15;ciael21. 

Andrade-Campos M, Murillo-Flérez I, Garcia-Sanz R, Giraldo P. Immunoparesis in IgM 
gammopathies as a useful biomarker to predict disease progression. Clin Chem Lab Med. 
2017 Aug 28;55(10): 1598-604. 

Boef AGC, van der Klis FRM, Berbers GAM, Buisman AM, Sanders EAM, Kemmeren JM, 
van der Ende A, de Melker HE, Rots NY, Knol MJ. Differences by sex in IgG levels fol- 
lowing infant and childhood vaccinations: An individual participant data meta-analysis of 
vaccination studies. Vaccine. 2018 Jan 8;36(3):400—7. 

Vidarsson G, Dekkers G, Rispens T. IgG subclasses and allotypes: from structure to effector 
functions. Front Immunol. 2014;5:520. 

Toptygina AP, Pukhalsky AL, Alioshkin VA. Immunoglobulin G subclass profile of an- 
timeasles response in vaccinated children and in adults with measles history. Clin Diagn Lab 
Immunol. 2005 Jul; 12(7):845-7. 

Bonagura VR, Marchlewski R, Cox A, Rosenthal DW. Biologic IgG level in primary im- 
munodeficiency disease: the IgG level that protects against recurrent infection. J Allergy 
Clin Immunol. 2008 Jul;122(1):210-2. 

Diks AM, Overduin LA, van Leenen LD, Slobbe L, Jolink H, Visser LG, van Dongen JJM, 
Berkowska MA. B-Cell Immunophenotyping to Predict Vaccination Outcome in the Im- 
munocompromised - A Systematic Review. Front Immunol. 2021;12:690328. 

Fierz W. Basic problems of serological laboratory diagnosis. Mol Biotechnol. 1999 Dec 
1;13(2):89-111. 

Fischer C, Jo WK, Haage V, Moreira-Soto A, de Oliveira Filho EF, Drexler JF. Challenges 
towards serologic diagnostics of emerging arboviruses. Clin Microbiol Infect Off Publ Eur 
Soc Clin Microbiol Infect Dis. 2021 Sep;27(9):1221-9. 

Jacobson RH. Validation of serological assays for diagnosis of infectious diseases. Rev Sci 
Tech Int Off Epizoot. 1998 Aug; 17(2):469-526. 

Haselbeck AH, Im J, Prifti K, Marks F, Holm M, Zellweger RM. Serology as a Tool to 
Assess Infectious Disease Landscapes and Guide Public Health Policy. Pathog Basel Switz. 
2022 Jun 27;11(7):732. 

Hahn A, Podbielski A, Meyer T, Zautner AE, Loderstadt U, Schwarz NG, Krüger A, Cadar 
D, Frickmann H. On detection thresholds-a review on diagnostic approaches in the infec- 
tious disease laboratory and the interpretation of their results. Acta Trop. 2020 
May;205:105377. 

Eldin C, Parola P, Raoult D. Limitations of diagnostic tests for bacterial infections. Med Mal 
Infect. 2019 Mar;49(2):98-101. 

Zheng X, Duan RH, Gong F, Wei X, Dong Y, Chen R, Yue Liang M, Tang C, Lu L. Accu- 
racy of serological tests for COVID-19: A systematic review and meta-analysis. Front Public 
Health. 2022;10:923525. 


